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(57) ABSTRACT 

A frequency synthesizer is disclosed. The frequency synthe 
siZer includes a period control Word generator, a delta-sigma 
modulator, and a delay line unit. The period control Word 
generator generates a period control Word. The delta-sigma 
modulator receives the period control Word and generates a 
phase selection signal. The delay line unit generates an output 
clock based on the phase selection signal. The delta-sigma 
modulator performs a carry-in operation based on a base 
number and the base number is adjustable and determined by 
a calibration process of the delay line unit. 

20 Claims, 10 Drawing Sheets 
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DIGITAL DELAY LINE BASED FREQUENCY 
SYNTHESIZER 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

The application claims the bene?t of US. Provisional 
Application No. 60/888,949, Which Was ?led on Feb. 9, 2007 
and is included herein by reference. 

BACKGROUND 

The present invention relates to a frequency synthesizer, 
and more particularly to an all-digital frequency synthesiZer 
capable of performing a high-reliability operation. 

With the development of modern multimedia entertain 
ment systems, lots of efforts have been placed to meet the 
increasing demands on the resolution, bandWidth, and 
switching speed of frequency synthesiZers. Traditionally, 
these requirements are achieved With the aid of the classical 
analog phase-locked loop (APLL) frequency synthesiZer. 
HoWever, the switching speed and resolution of synthesiZers 
are becoming critically important, and conventional APLLs 
are not suitable to these applications because they suffer an 
inability to simultaneously provide fast frequency sWitching 
and high resolution Without substantial design complexity. 
Furthermore, it is desirable to process signals all digitally to 
enhance noise immunity because of the relative parametric 
stability of digital circuits With aging and temperature varia 
tions. In addition, all-digital systems can be furnished by loW 
supply voltage such as a voltage of 1.2V. Moreover, an all 
digital circuit can be implemented With a resistor-transistor 
logic (RTL) based design having a feature of high productiv 
ity. 

SUMMARY 

According to one embodiment of the invention, a fre 
quency synthesiZer is disclosed. The frequency synthesiZer 
comprises a period control Word generator, a delta-sigma 
modulator, and a delay line unit. The period control Word 
generator generates a period control Word. The delta-sigma 
modulator receives the period control Word and generates a 
phase selection signal. The delay line unit generates an output 
clock based on the phase selection signal. The delta-sigma 
modulator performs a carry-in operation based on a base 
number and the base number is adjustable and determined by 
a calibration process of the delay line unit. 

According to another embodiment of the invention, a fre 
quency synthesiZer is disclosed. The frequency synthesiZer 
comprises a period control Word generator, a delta-sigma 
modulator, and a delay line unit. The period control Word 
generator generates a period control Word. The delta-sigma 
modulator receives the period control Word and generates a 
phase selection signal. The delay line unit generates an output 
clock based on the phase selection signal. The period control 
Word is adjustable to compensate for a temperature variation 
of delay time of the delay line unit. 

According to another embodiment of the invention, a 
method for compensating for a temperature variation in a 
frequency synthesiZer is disclosed. The method comprises the 
folloWing steps. A relation betWeen a period of a reference 
clock and minimum delay time of a delay line unit is obtained. 
A base number of a carry-in operation is determined based on 
the relation. The carry-in operation is performed by a delta 
sigma modulator of the frequency synthesiZer. 
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2 
According to another embodiment of the invention, a 

method for compensating for a temperature variation in a 
frequency synthesiZer is disclosed. The method comprises the 
folloWing steps. A relation betWeen a period of a reference 
clock and minimum delay time of a delay line unit is obtained. 
A period control Word is determined based on the relation. 
The period control Word is inputted into a delta-sigma modu 
lator of the frequency synthesiZer. 

These and other objectives of the present embodiments Will 
no doubt become obvious to those of ordinary skill in the art 
after reading the folloWing detailed description of the pre 
ferred embodiment that is illustrated in the various ?gures and 
draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shoWs the architecture of a frequency synthesiZer 
according to an exemplary embodiment of the present inven 
tion. 

FIG. 2 illustrates the architecture of a frequency synthe 
siZer according to an exemplary embodiment of the present 
invention. 

FIG. 3 illustrates the architecture of the delay line unit 
shoWn in FIG. 2 according to an exemplary embodiment of 
the present invention. 

FIG. 4 illustrates the architecture of the digital delay line 
shoWn in FIG. 3 according to an exemplary embodiment of 
the present invention. 

FIG. 5 shoWs a functional block diagram for all-digital 
duty cycle correction according to an exemplary embodiment 
of the present invention. 

FIG. 6 shoWs the logic circuit design of the ?rst toggle 
circuit shoWn in FIG. 5. 

FIG. 7 shoWs the signal Waveforms concerning the opera 
tion of the all-digital duty-cycle correction according to an 
exemplary embodiment of the present invention. 

FIG. 8 shoWs a functional block diagram for an all-digital 
frequency multiplier according to an exemplary embodiment 
of the present invention. 

FIG. 9 shoWs the logic circuit design of the second toggle 
circuit shoWn in FIG. 8. 

FIG. 10 shoWs the signal Waveforms concerning the opera 
tion of the all-digital frequency multiplier according to an 
exemplary embodiment of the present invention. 

DETAILED DESCRIPTION 

The foregoing aspects and many of the attendant advan 
tages of this disclosure Will become more readily appreciated 
as the same becomes better understood by reference to the 
folloWing detailed description, When taken in conjunction 
With the accompanying draWings. 

Please refer to FIG. 1. FIG. 1 shoWs the architecture of a 
frequency synthesiZer 100. The frequency synthesiZer 100 
comprises: a period control Word generator 110, an adder 120 
having a ?rst input terminal coupled to the period control 
Word generator 110; an accumulator 130; a signal generator 
140 utiliZed to generate a control signal Smc coupled to a 
second input terminal of the adder 120; a delay locked loop 
(DLL) 150; a multiplexer (MUX) 160; and an analog phase 
locked loop (APLL) 170. 
The period control Word generator 110 is utiliZed to pro 

vide a period control Word PCW that is fumished to the ?rst 
input terminal of the adder 120. The adder 120 generates a 
difference signal SD by adding the period control Word PCW 
With the control signal Smc. The accumulator 130 receives 
the difference signal SD from the adder 120 and adds the 
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difference signal SD to a sum signal Sacc for accumulating 
the sum signal Sacc, Which is assumed to be a K-bit signal 
Where K is a positive integer, and generating a carry signal 
CA. Normally, the carry signal CA switches from a logic 
value “0” to a logic value “1” While occurring a carry-out 
process. However, the accumulator 130 can be designed to 
have a carry-out process based on a N-bit signal and the value 
of N can be chosen to be some positive integral number not 
greater than K. Therefore, the K-bit sum signal Sacc can be 
functioned as a N-bit sum signal Sacc. 

The signal generator 140 functions to provide the control 
signal Smc, Which is equal to a negative quantity of 2N cor 
responding to the base carry number of the N-bit signal, to the 
adder 120 for enabling a carry-reset operation according to 
the carry signal CA generated by the accumulator 130. That is 
to say, the signal generator 140 furnishes a control signal Smc 
having a value of —2N to the adder 120 When the carry signal 
CA sWitches from a logic value “0” to a logic value “1”, and 
the signal generator 140 furnishes a control signal Smc hav 
ing a null value to the adder 120 otherwise. 

The delay locked loop (DLL) 150 is clocked by a reference 
clock CLKref having a preset frequency fref and generates a 
plurality of multi-phase clocks CKO, CKl . . . CK2N_l With 
same frequency according to the reference clock CLKref, 
Which operation is also knoWn to those skilled in the art and, 
for the sake of brevity, further discussion on the operation is 
omitted. 

The multiplexer (MUX) 160 is coupled to the accumulator 
130 and the DLL 150 for receiving the N-bit sum signal Sacc 
as a selecting signal and the plurality of the clocks CKO, 
CKl . . . CKZN _1 as input signals, and selects one of the clocks 

CKO, CKl . . . CK2N_ 1 as the output clock CLK according to 
the sum signal Sacc. 

The analog phase locked loop (APLL) 170 receives the 
output clock CLKOM and is capable of generating a secondary 
output clock CLKtWfhaving a frequency tWice the frequency 
of the output clock, Which operation is also knoWn to those 
skilled in the art and, for the sake of brevity, further discussion 
on the operation is omitted. 

FIG. 2 illustrates the architecture of a frequency synthe 
siZer 200 according to an exemplary embodiment of the 
present invention. The frequency synthesiZer 200 comprises a 
period control Word (PCW) generator 210, a delta-sigma 
modulator 233, a frequency divider 234 and a delay line unit 
250. 

The period control Word generator 210 provides the period 
control Word PCW. The delta-sigma modulator 233 includes, 
for example, an adder 220, an accumulator 232, and a quan 
tiZer 235. The accumulator 232 is a Well-knoWn technology 
and can be implemented by an adder 236 and a l/Z element 
237. Other forms of delta-sigma modulator can be used based 
on different design choices. The frequency divider 234 
divides a reference clock CLKrefinto a ?rst clock CLKdl-v by 
P or P+l, Where P is an integer. The delta-sigma modulator 
233 is clocked by the ?rst clock CLKdl-v. 

The adder 220 generates a difference signal SD by sub 
tracting a ?rst control signal Sm from PCW. The delta-sigma 
modulator 233 generates a phase selection signal S, Which is 
a K-bit signal in this embodiment. K is a positive integer. The 
delta-sigma modulator 233 also generates a carry signal CA. 
The divider 234 generates the ?rst clock CLKdl-v by perform 
ing a P or P+1 dividing process on the reference clock CLKVE 
based on the carry signal CA. For instance, the divider 234 
generates the ?rst clock CLKdl-v by means of dividing the 
reference clock CLKrefby P When the carry signal CA is equal 
to logic value “0”, and the divider 234 generates the ?rst clock 
CLKdl-v by means of dividing the reference clock CLKrefby 
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4 
P+1 When the carry signal CA is equal to logic value “1”. 
Therefore, the divider 234 is substantially a P/P+1 counter, 
and the P/P+1 counter can be a ripple counter having a plu 
rality of cascade-connected ?ip-?ops for performing the P or 
P+1 dividing process on the reference clock CLKref. 
The accumulator 232, clocked by the ?rst clock CLKdl-v, 

accumulates the difference signal SD and generates the phase 
selection signal S. The phase selection signal S is used to 
select different phases of CLKOM generated by the delay line 
unit 250. A predetermined value A could be set to the quan 
tiZer 235 to generate the carry signal CA. For example, if a 
value 55 (value A) is set to the quantiZer 235, the carry signal 
CA is set to “1” Whenever the output of the accumulator 232 
reaches 55. A carry-in process is performed by the adder 220 
by subtracting the ?rst control signal Sm from the PCW. The 
?rst control signal Sm is set to the value A during a carry-in 
operation. OtherWise, the ?rst control signal Sm is set to 0. 
Therefore, the accumulation and carry-in processes repeat 
periodically. 
The value A is the base number or threshold for the carry-in 

process. The value A comes from the calibration result (a 
second control signal SC) of the delay line unit 250. The 
predetermined value A can be, for example, stored in a value 
setting device 240 and serves as the ?rst control signal Sm. 
The value A is usually not greater than the value of 2K. The 

chosen base number is not limited to the value of 2N Where the 
value of N can be some positive integer not greater than K. 

FIG. 3 illustrates the architecture of the delay line unit 250 
according to an exemplary embodiment of the present inven 
tion. The delay line unit 250 comprises: a digital delay line 
351, a delay unit 352, a dummy delay line 353, and a phase 
detection unit 354. 
The digital delay line 351 receives the ?rst clock CLKdl-v 

and the phase selection signal S, and performs a delay process 
on the ?rst clock CLKdl-v to generate the output clock CLKOM. 
The architecture of the digital delay line 351 is schemati 

cally shoWn in FIG. 4. The digital delay line 351 comprises a 
plurality of cascade-connected buffer stages Bufo, Bufl . . . 

Buf2k_l, a plurality of capacitors C1, C2 . . . C2111, a plurality 
of sWitches SW1, SW2 . . . SW2k_1, and a sWitch control unit 
410. Each ofthe plurality of sWitches SW1, SW2 . . . SW2k_l 
is series connected With one of the plurality of capacitors C 1, 
C2 . . . C2111, respectively. Furthermore, each of the plurality 
of the series-connected sWitches and capacitors is coupled to 
a reference voltage Vref and the corresponding interconnec 
tion node betWeen adjacent buffer stages. The reference volt 
age Vref may be the ground voltage or the system poWer 
supply voltage. The sWitch control unit 410 is utiliZed to 
control the on-off state of the plurality of sWitches SW1, 
SW2 . . . SW2k_l With the aid of the phase selection signal S. 
The on-off states of the plurality of sWitches SW1, 

SW2 . . . SW2k_l are utiliZed to control the delay process 

performed by the digital delay line 351. For instance, While 
the sWitch SWn is on, the delay process corresponding to the 
buffer stage Bufn concerns not only the delay caused by the 
buffer stage Bufn but also the delay caused by the charging 
and discharging effects of the corresponding capacitor Cn. 
HoWever, While the sWitch SWn is off, the delay process 
corresponding to the buffer stage Bufn concerns only the 
delay caused by the buffer stage Bufn Without the extra delay 
caused by the charging and discharging effects of the corre 
sponding capacitor Cn. 

During the period calibration process, the sWitch control 
unit 410 enacts a sWitch control process that turns on the 
sWitches sequentially one after another from SW1 to the 
folloWing sWitches With the increasing phase selection signal 
S until the period calibration is ?nished. If the phase selection 
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signal S is a K-bit signal, it can control up to 2k switches in the 
delay line 351 to perform delay operations. Larger kvalue can 
control more sWitches, thus representing higher resolution. In 
addition, if the capacitance of the capacitors C 1, C2 . . . C2111 
is smaller, then each extra delay corresponding to the on-state 
sWitch is also smaller, Which means that the delay operation 
With smaller capacitance is corresponding to higher resolu 
tion for period calibration process. 

The delay unit 352 clocked by the reference clock CLKref 
receives the ?rst clock CLKdl-v and generates a delayed second 
clock CLKZM. The delayed second clock CLKZnd is delayed 
by the delay unit 352 With one period of the reference clock 
CLKref. The delay unit 352 is, for example, a D ?ip-?op. 

The dummy delay line 353 receives the second clock 
CLKZnd and generates a delayed third clock CLK3rd. The 
dummy delay line 353 canbe the same as the digital delay line 
351 shoWn in FIG. 4. In one embodiment, all sWitches in the 
dummy delay line 353 are sWitched off during calibration. 
That is, the delay of the dummy delay line 353 is caused 
purely by the plurality of cascade-connected buffer stages 
Without any extra delay caused by the capacitors. Obviously, 
the inclusion or omission of components other than a similar 
plurality of cascade-connected buffer stages Bufo, Bufl . . . 
Buf2k_l in the dummy delay line 353 may be regarded as a 
design choice. 

The phase detection unit 354 receives the output clock 
CLKOM and the third clock CLK3rd, and generates the second 
control signal SC according to the phase relationship betWeen 
the output clock CLKOM and the third clock CLK3rd. The 
phase detection unit 354 can be a D ?ip-?op. The rising edge 
of the third clock CLK3rd is utiliZed to latch the output clock 
CLKOM and generates the second control signal SC. 
As shoWn in FIG. 3 and FIG. 4, the delay concerning the 

output clock CLKout is caused by digital delay line 351 based 
on the plurality of the buffer stages Bufo, Bufl . . . Buf2k_ 1 With 
extra delay by the capacitors C1, C2 . . . C2111 corresponding 
to the on-state sWitches. The delay concerning the third clock 
CLK3rd is caused by the dummy delay line 353 based on the 
plurality of the buffer stages Bufo, Bufl . . . Buf2k_ 1 With extra 
delay by the delay unit 352 having a delay of one period of the 
reference clock CLKref. The rising edge of the third clock 
CLK3rd Will latch the high clock level of the output clock 
CLKOM and generate the second control signal SC having a 
logic value “1”. 

That is, When all the sWitches SW1, SW2 . . . SW2k_l of the 
digital delay line 351 are off, the delay difference betWeen the 
output clock CLKOM and the third clock CLK3rd is one period 
of the reference clock CLKref. HoWever, if the on-off states of 
the sWitches SW1, SW2 . . . SW2]:l are controlled to achieve 
an extra delay equal to one period of the reference clock 
CLKref, the output clock CLKOM and the third clock CLK3rd 
turn out to be in phase With each other. 

Therefore, as the plurality of the sWitches SW1, SW2 . . . 
SW2]:l of the digital delay line 351 is controlled to sequen 
tially turn on one after one, the delay of the output clock 
CLKOM increases gradually, and the delay difference betWeen 
the output clock CLKOM and the third clock CLK3rd is reduced 
gradually. While the delay difference betWeen the output 
clock CLKOM and the third clock CLK3rd is reduced to Zero, 
the rising edge of the third clock CLK3rd Will latch the loW 
clock level of the output clock CLKOM and generate the sec 
ond control signal SC having a logic value “0”. That is, the 
state of the second control signal SC of the phase detection 
unit 354 is sWitched to a complementary state. An all-digital 
period calibration process is noW accomplished. 

If td denotes the extra delay time introduced by a sWitched 
on capacitor of the digital delay line 351, an integer value A 
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6 
Will be obtained from the above calibration process Where 
T:A*td. T is the period of the reference clock CLKref That is, 
A td constitute a time period substantially equal to T. There 
fore, the value A could be used as a base number for carrying 
in. In case of a temperature variation, a neW A value can be 
determined by the above calibration process and serves as a 
neW base number of the accumulator 232. 

Furthermore, the second control signal SC can also be 
utiliZed to perform minor period correction on the output 
clock CLKOM. That is, When the delay caused by the operation 
processes of the frequency synthesiZer 200 deviates from the 
desirable value due to device aging, temperature variation, or 
any other factors, the timing for the value setting device 240 
to generate the ?rst control signal Sm for carry-reset opera 
tion may deviate from a desirable situation due to variant latch 
timing for generating the second control signal SC from the 
delay line unit 250. 
Under such circumstance, the period control Word genera 

tor 210 is able to adjust the value of the period control Word 
PCW according to the second control signal SC. For instance, 
if T den-ml, 18 represents the desirable period of the output clock 
CLKOM and Twin-Mon represents the variant period of the out 
put clock CLKOM, then the period control Word generator 210 
is able to calculate a ratio R of Tvamm-on to TdeSl-mble and divide 
the period control Word PCW by the ratio R to compensate the 
period variation of the output clock CLKOM While the state of 
the second control signal SC is sWitched to a complementary 
state. Accordingly, the desirable period T den-m we of the output 
clock CLKOM is recovered from the variant period Tvma?on. 
The all-digital frequency synthesiZer 200 of an exemplary 

embodiment of the present invention can be applied to facili 
tate an all-digital duty-cycle correction circuit. The frequency 
synthesiZer 200 can be modi?ed to output a ?rst auxiliary 
clock CLKO corresponding to a PCW having a null value and 
a second auxiliary clock CLK180 corresponding to a PCW 
having a half predetermined value. Under such circumstance, 
the second auxiliary clock CLK180 is having a phase shift of 
180 degrees relative to the ?rst auxiliary clock CLKO. 

FIG. 5 shoWs a functional block diagram of the ?rst auxil 
iary circuit 500. The ?rst auxiliary circuit 500 comprises: a 
?rst rising edge detector 510, a second rising edge detector 
520, and a ?rst toggle circuit 530. The ?rst rising edge detec 
tor 510 receives the ?rst auxiliary clock CLKO and generates 
a ?rst trigger signal St1 at the rising edges of the ?rst auxiliary 
clock CLKO. The second rising edge detector 520 receives the 
second auxiliary clock CLKl 80 and generates a second trigger 
signal St2 at the rising edges of the second auxiliary clock 
CLKISO. The ?rst toggle circuit 530 receives the ?rst trigger 
signal St1 and the second trigger signal St2 and generates a 
fourth clock CLK4th. The fourth clock CLK4th sWitches from 
“0” to “1” While receiving a pulse of the ?rst trigger signal 
St1, and sWitches from “1” to “0” While receiving a pulse of 
the second trigger signal St2. 
The circuits of the ?rst rising detector 510 and the second 

rising edge detector 520 can be implemented by a straight 
forWard logic circuit design as described beloW. The rising 
edge detector may comprises a 2-input AND gate and a NOT 
gate. The input clock of the rising edge detector is coupled 
both to the input of the NOT gate and to one input of the 
2-input AND gate. The output of the NOT gate is coupled to 
the other input of the 2-input AND gate, and an output pulse 
can be generated at the output of the 2-input AND gate cor 
responding to the rising edge of the input clock. The operation 
of the aforementioned rising edge detector is Well knoWn to 
those skilled in the art and, for the sake of brevity, further 
discussion on the operation is omitted. 
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The ?rst toggle circuit 530 canbe implemented by the logic 
circuit design shown in FIG. 6. The ?rst toggle circuit 530 
shown in FIG. 6 comprises: a T ?ip-?op 610; a 2-input OR 
gate 620; a ?rst 2-input AND gate 630; and a second 2-input 
AND gate 640. The T ?ip-?op 610 comprises: a T input 
terminal, a latch clock terminal, a ?rst output node Q, and a 
second output node Qbar for outputting a logic signal 
complementary to a logic signal outputted at the ?rst output 
node Q. The T ?ip-?op 610 changes output state on the 
occurring of the trigger pulse inputted to the latch clock 
terminal. 
As the fourth clock CLK4th keeps a logic value “0”, which 

means that the logic value of the ?rst output Q is “0” and the 
logic value of the second output Qbar is “l”, the second 
trigger signal St2 is disabled by the second 2-input AND gate 
640 having an input equal to the ?rst output Q with a logic 
value “0”. However, the ?rst trigger signal Stl is enabled by 
the ?rst 2-input AND gate 630 having an input equal to the 
second output Qbar with a logic value “1”. 
Under such circumstance, the latch clock terminal of the T 

?ip-?op 610 is controlled by the ?rst trigger signal Stl 
through the ?rst 2-input AND gate 630 and the 2-input OR 
gate 620. Consequently, when trigger pulses of the ?rst trig 
ger signal Stl are inputted to the latch clock terminal, the 
output state of the T ?ip-?op 610 is switched to a comple 
mentary state. That is, the logic value of the ?rst output Q is 
switched to “ l ” and the logic value of the second output Qbar 
is switched to “0”. Accordingly, the fourth clock CLK4th is 
switched to a logic value “1”. 
As the fourth clock CLK4th keeps a logic value “1”, which 

means that the logic value of the ?rst output Q is “l” and the 
logic value of the second output Qbar is “0”, the second 
trigger signal St2 is then enabled by the second 2-input AND 
gate 640 having an input equal to the ?rst output Q with a 
logic value “1”. However, the ?rst trigger signal Stl is dis 
abled by the ?rst 2-input AND gate 630 having an input equal 
to the second output Qbar with a logic value “0”. 

Under such circumstance, the latch clock terminal of the T 
?ip-?op 610 is controlled by the second trigger signal St2 
through the second 2-input AND gate 640 and the 2-input OR 
gate 620. Consequently, when trigger pulses of the second 
trigger signal St2 are inputted to the latch clock terminal, the 
output state of the T ?ip-?op 610 is switched to a comple 
mentary state. That is, the logic value of the ?rst output Q is 
switched to “0” and the logic value of the second output Qbar 
is switched to “1”. Accordingly, the fourth clock CLK4th is 
switched to a logic value “0”. 

In summary, the pulses of the ?rst trigger signal Stl func 
tion to switch the fourth clock CLK4th from a logic value “0” 
to a logic value “1”, and the pulses of the second trigger signal 
St2 function to switch the fourth clock CLK4th from a logic 
value “1” to a logic value “0”. 

According to the aforementioned, the time shift between 
the rising edge of the ?rst auxiliary clock CLKO and the rising 
edge of the second auxiliary clock CLKl 80 is exactly equal to 
a half of the period of the ?rst auxiliary clock CLKO. There 
fore, the time shift between the ?rst trigger signal Stl and the 
second trigger signal St2 is also exactly equal to a half of the 
period of the ?rst auxiliary clock CLKO. 

The signal waveforms concerning the operation of the 
duty-cycle correction circuit are shown in FIG. 7, having time 
along abscissa. The waveform diagrams in FIG. 7, from top to 
bottom, are the ?rst auxiliary clock CLKO, the ?rst trigger 
signal Stl, the second auxiliary clock CLKISO, the second 
trigger signal St2, the fourth clock CLK4th. The ?rst trigger 
signal Stl is shown in FIG. 7 as a series of pulses signi?ed by 
a plurality of up-arrow symbols aligned to the rising edges of 
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the ?rst auxiliary clock CLKO respectively. The second trig 
ger signal St2 is shown in FIG. 7 as a series of pulses signi?ed 
by a plurality of up-arrow symbols aligned to the rising edges 
of the second auxiliary clock CLK180 respectively. The fourth 
clock CLK4th switches from “0” to “1” corresponding to the 
occurring of the pulse of the ?rst trigger signal Stl and 
switches from “1” to “0” corresponding to the occurring of 
the pulse of the second trigger signal St2. It is very obviously 
that the fourth clock CLK4th is shown to have a duty-cycle of 
exact 50%, which means that an all-digital duty-cycle correc 
tion process is accomplished. 

In the embodiment of the ?rst auxiliary circuit 500, under 
certain situation well known to those skilled in the art, the ?rst 
auxiliary clock CLKO and the second auxiliary clock CLKl 80 
can be coupled directly to the ?rst toggle circuit 530 without 
the aid of the ?rst rising edge detector 510 and the second 
rising edge detector 520, wherein the fourth clock CLK4th 
switches from “0” to “1” while detecting the rising edge of the 
?rst auxiliary clock CLKO and switches from “1” to “0” while 
detecting the rising edge of the second auxiliary clock 
CLKISO. 
The all-digital frequency synthesiZer 200 of an exemplary 

embodiment of the present invention can be also applied to 
facilitate an all-digital frequency multiplier. The frequency 
synthesiZer 200 can be modi?ed to output a ?rst auxiliary 
clock CLKO corresponding to a PCW having a null value, a 
second auxiliary clock CLKl 80 corresponding to a PCW hav 
ing a half predetermined value, a third auxiliary clock CLK9O 
corresponding to a PCW having a quarter predetermined 
value, and a fourth auxiliary clock CLK270 corresponding to 
a PCW having a three-quarter predetermined value. 
Under such circumstance, the second auxiliary clock 

CLK180 is having a phase shift of 180 degrees relative to the 
?rst auxiliary clock CLKO, the third auxiliary clock CLK9O is 
having a phase shift of 90 degrees relative to the ?rst auxiliary 
clock CLKO, and the fourth auxiliary clock CLK270 is having 
a phase shift of 270 degrees relative to the ?rst auxiliary clock 
CLKO. The all-digital frequency multiplier comprises a sec 
ond auxiliary circuit 800 shown in to FIG. 8. The second 
auxiliary circuit 800 comprises: a ?rst rising edge detector 
810, a second rising edge detector 820, a third rising edge 
detector 830, a fourth rising edge detector 840, and a second 
toggle circuit 850. 
The ?rst rising edge detector 810 receives the ?rst auxiliary 

clock CLKO and generates a ?rst trigger signal Stl at the rising 
edges of the ?rst auxiliary clock CLKO. The second rising 
edge detector 820 receives the second auxiliary clock CLKl 80 
and generates a second trigger signal St2 at the rising edges of 
the second auxiliary clock CLKISO. The third rising edge 
detector 830 receives the third auxiliary clock CLK9O and 
generates a third trigger signal St3 at the rising edges of the 
third auxiliary clock CLK9O. The fourth rising edge detector 
840 receives the fourth auxiliary clock CLK270 and generates 
a fourth trigger signal St4 at the rising edges of the fourth 
auxiliary clock CLK27O. The second toggle circuit 850 
receives the ?rst trigger signal Stl, the second trigger signal 
St2, the third trigger signal St3, and the fourth trigger signal 
St4, and generates a ?fth clock CLKSth. The ?fth clock 
CLKSth switches from “0” to “1” while receiving a pulse of 
the ?rst trigger signal Stl or the second trigger signal St2, and 
switches from “1” to “0” while receiving a pulse of the third 
trigger signal St3 or the fourth trigger signal St4. 
The circuits of the ?rst rising detector 810, the second 

rising edge detector 820, the third rising detector 830, and the 
fourth rising edge detector 840 can be implemented by a 
straightforward logic circuit design as described before and, 
for the sake of clarity, will not be repeated here. 
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The second toggle circuit 850 can be implemented by the 
logic circuit design shown in FIG. 9. The second toggle cir 
cuit 750 shoWn in FIG. 9 comprises: a T ?ip-?op 910; a 
4-input OR gate 920; a ?rst 2-input AND gate 930; a second 
2-input AND gate 940; a third 2-input AND gate 950; and a 
fourth 2-input AND gate 960. The T ?ip-?op 910 comprises: 
a T input terminal, a latch clock terminal, a ?rst output node 
Q, and a second output node Qbar for outputting a logic signal 
complementary to a logic signal outputted at the ?rst output 
node Q. The T ?ip-?op 910 changes output state on the 
occurring of the trigger pulse inputted to the latch clock 
terminal. 
As the ?fth clock CLKSth keeps a logic value “0”, Which 

means that the logic value of the ?rst output Q is “0” and the 
logic value of the second output Qbar is “l”, the third trigger 
signal St3 and the fourth trigger signal St4 are disabled 
respectively by the third 2-input AND gate 950 and the fourth 
2-inputAND gate 960 having an input equal to the ?rst output 
Q With a logic value “0”. HoWever, the ?rst trigger signal Stl 
and the second trigger signal St2 are enabled respectively by 
the ?rst 2-input AND gate 930 and the second 2-input AND 
gate 940 having an input equal to the second output Qbar With 
a logic value “1”. 
Under such circumstance, the latch clock terminal of the T 

?ip-?op 810 is controlled either by the ?rst trigger signal Stl 
through the ?rst 2-input AND gate 930 and the 4-input OR 
gate 920 or by the second trigger signal St2 through the 
second 2-input AND gate 930 and the 4-input OR gate 920. 
Consequently, When trigger pulses of the ?rst trigger signal 
Stl or the second trigger signal St2 are inputted to the latch 
clock terminal, the output state of the T ?ip-?op 910 is 
switched to a complementary state. That is, the logic value of 
the ?rst output Q is sWitched to “l” and the logic value of the 
second output Qbar is sWitched to “0”. Accordingly, the ?fth 
clock CLKSth is sWitched to a logic value “1”. 
As the ?fth clock CLKSth keeps a logic value “1”, Which 

means that the logic value of the ?rst output Q is “l” and the 
logic value of the second output Qbar is “0”, the third trigger 
signal St3 and the fourth trigger signal St4 are then enabled 
respectively by the third 2-input AND gate 950 and the fourth 
2-inputAND gate 960 having an input equal to the ?rst output 
Q With a logic value “1”. HoWever, the ?rst trigger signal Stl 
and the second trigger signal St2 are disabled respectively by 
the ?rst 2-input AND gate 930 and the second 2-input AND 
gate 940 having an input equal to the second output Qbar With 
a logic value “0”. 
Under such circumstance, the latch clock terminal of the T 

?ip-?op 910 is controlled either by the third trigger signal St3 
through the third 2-input AND gate 950 and the 4-input OR 
gate 920 or by the fourth trigger signal St4 through the fourth 
2-input AND gate 960 and the 2-input OR gate 920. Conse 
quently, When trigger pulses of the third trigger signal St3 or 
the fourth trigger signal St4 are inputted to the latch clock 
terminal, the output state of the T ?ip-?op 910 is sWitched to 
a complementary state. That is, the logic value of the ?rst 
output Q is sWitched to “0” and the logic value of the second 
output Qbar is sWitched to “1”. Accordingly, the ?fth clock 
CLKSth is sWitched to a logic value “0”. 

In summary, the pulses of the ?rst trigger signal Stl and the 
second trigger signal St2 function to sWitch the ?fth clock 
CLKSth from a logic value “0” to a logic value “1”, and the 
pulses of the third trigger signal St3 and the fourth trigger 
signal St4 function to sWitch the ?fth clock CLKSth from a 
logic value “1” to a logic value “0”. 

According to the aforementioned, the time shift betWeen 
the rising edge of the ?rst auxiliary clock CLKO and the rising 
edge of the second auxiliary clock CLKl 80 is exactly equal to 
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a half of the period of the ?rst auxiliary clock CLKO, the time 
shift betWeen the rising edge of the ?rst auxiliary clock CLKO 
and the rising edge of the third auxiliary clock CLK9O is 
exactly equal to a quarter of the period of the ?rst auxiliary 
clock CLKO, and the time shift betWeen the rising edge of the 
?rst auxiliary clock CLKO and the rising edge of the fourth 
auxiliary clock CLK270 is exactly equal to three quarters of 
the period of the ?rst auxiliary clock CLKO. 

Therefore, the time shift betWeen the ?rst trigger signal Stl 
and the second trigger signal St2 is exactly equal to a half of 
the period of the ?rst auxiliary clock CLKO, the time shift 
betWeen the ?rst trigger signal Stl and the third trigger signal 
St3 is exactly equal to a quarter of the period of the ?rst 
auxiliary clock CLKO, and the time shift betWeen the ?rst 
trigger signal Stl and the fourth trigger signal St4 is exactly 
equal to three quarters of the period of the ?rst auxiliary clock 
CLKO. 
The signal Waveforms concerning the operation of the fre 

quency multiplier are shoWn in FIG. 10, having time along 
abscissa. Please refer to the Waveform diagrams shoWn in 
FIG. 10, having time along the abscissa. The Waveform dia 
grams in FIG. 10, from top to bottom, are the ?rst auxiliary 
clock CLKO, the ?rst trigger signal Stl, the second auxiliary 
clock CLKISO, the second trigger signal St2, the third auxil 
iary clock CLK9O, the third trigger signal St3, the fourth 
auxiliary clock CLK27O, the fourth trigger signal St4, and the 
?fth clock CLKSth. 
The ?rst trigger signal Stl is shoWn in FIG. 10 as a series of 

pulses signi?ed by a plurality of up-arroW symbols aligned to 
the rising edges of the ?rst auxiliary clock CLKO respectively. 
The second trigger signal St2 is shoWn in FIG. 10 as a series 
of pulses signi?ed by a plurality of up-arroW symbols aligned 
to the rising edges of the second auxiliary clock CLK180 
respectively. The third trigger signal St3 is shoWn in FIG. 10 
as a series of pulses signi?ed by a plurality of up-arroW 
symbols aligned to the rising edges of the third auxiliary clock 
CLK9O respectively. The fourth trigger signal St4 is shoWn in 
FIG. 10 as a series of pulses signi?ed by a plurality of up 
arroW symbols aligned to the rising edges of the fourth aux 
iliary clock CLK270 respectively. 
The ?fth clock CLKSth sWitches from a logic value “0” to a 

logic value “ l ” corresponding to the occurring of the pulse of 
the ?rst trigger signal Stl or the second trigger signal St2, and 
sWitches from a logic value “1” to a logic value “0” corre 
sponding to the occurring of the pulse of the third trigger 
signal St3 or the fourth trigger signal St4. It is very obvious 
that the ?fth clock CLKSth is shoWn to have a frequency tWice 
the frequency of the ?rst auxiliary clock CLKO, Which means 
that an all-digital frequency multiplier is accomplished. 

In the embodiment of the second auxiliary circuit 800, 
under certain situation Well knoWn to those skilled in the art, 
the ?rst auxiliary clock CLKO, the second auxiliary clock 
CLKISO, the third auxiliary clock CLK9O, and the fourth aux 
iliary clock CLK270 can be coupled directly to the second 
toggle circuit 850 Without the aid of the ?rst rising edge 
detector 810, the second rising edge detector 820, the third 
rising edge detector 830, and the fourth rising edge detector 
840, Wherein the ?fth clock CLKSth sWitches from “0” to “1” 
While detecting the rising edge of the ?rst auxiliary clock 
CLKO or the second auxiliary clock CLKISO, and sWitches 
from “1” to “0” While detecting the rising edge of the third 
auxiliary clock CLK9O or the fourth auxiliary clock CLK27O. 
As a result, the frequency synthesiZer 200 of an exemplary 

embodiment of the present invention provides an all-digital 
system design to enhance noise immunity and achieve a high 
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reliability clock generator that can be implemented With a 
resistor-transistor logic (RTL) technology for high productiv 
ity. 

Those skilled in the art Will readily observe that numerous 
modi?cations and alterations of the device and method may 
be made While retaining the teachings of the disclosure. 
Accordingly, the above disclosure should be construed as 
limited only by the metes and bounds of the appended claims. 
What is claimed is: 
1. A frequency synthesizer comprising: 
a delta-sigma modulator for receiving a period control 
Word and generating a phase selection signal; and 

a delay line unit for generating an output clock and a 
second control signal based on the phase selection signal 
and a second clock, the delay line unit comprising: 
a digital delay line for receiving the second clock and 

generating the output clock according to the phase 
selection signal; 

a delay unit for receiving the second clock and generat 
ing a delayed second clock; 

a dummy delay line for receiving the delayed second 
clock and generating a third clock; and 

a phase detection unit for receiving the output clock and 
the third clock, and generating the second control 
signal according to a phase relationship betWeen the 
output clock and the third clock; 

Wherein the delta-sigma modulator performs a carry-in 
operation based on a base number and the base number 
is adjustable and determined by a calibration process of 
the delay line unit, and the delta-sigma modulator com 
prises: 
an adder for generating a difference signal by adding the 

period control Word With a ?rst control signal; and 
a value setting device for generating the ?rst control 

signal; 
Wherein the delta- sigma modulator generates a carry 

signal according to the difference signal, and the 
value setting device receives the carry signal and the 
second control signal, and provides the ?rst control 
signal to the adder for performing the carry-in opera 
tion. 

2. The frequency synthesizer of claim 1, further comprising 
a period control Word generator for generating the period 
control Word according to the second control signal. 

3. The frequency synthesizer of claim 1, further compris 
mg: 

a divider for dividing a ?rst clock into the second clock, the 
second clock being inputted into the delay line unit. 

4. The frequency synthesizer of claim 3, further comprising 
a period control Word generator for generating the period 
control Word Wherein the second control signal is transmitted 
to the period control Word generator. 

5. The frequency synthesizer of claim 1, Wherein the delay 
unit comprises a D ?ip-?op for receiving the second clock at 
a D input terminal and a ?rst clock at a latch clock terminal, 
and generating the delayed second clock through latching the 
second clock by the ?rst clock. 

6. The frequency synthesizer of claim 1, Wherein the phase 
detection unit comprises a D ?ip-?op for receiving the output 
clock at a D input terminal and the third clock at a latch input 
terminal, and generates the second control signal through 
latching the output clock by the third clock. 

7. The frequency synthesizer of claim 3, Wherein the delta 
sigma modulator further comprises: 

an accumulator for receiving the difference signal from the 
adder, and generating the phase selection signal and the 
carry signal. 
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8. The frequency synthesizer of claim 7, Wherein the 

divider is a P/P+1 counter, the P/P+1 counter receives the ?rst 
clock and the carry signal, the P/P+1 counter generates the 
second clock by dividing the ?rst clock by either P or P+1 
according to the carry signal, the P/P+l counter comprises a 
ripple counter having a plurality of cascade-connected ?ip 
?ops for performing a P or P+1 dividing process on the ?rst 
clock. 

9. The frequency synthesizer of claim 8, Wherein the sec 
ond clock is generated by means of dividing the ?rst clock by 
P When the carry signal is equal to logic value “0”, and the 
second clock is generated by means of dividing the ?rst clock 
by P+1 When the carry signal is equal to value logic “1”. 

10. The frequency synthesizer of claim 2, Wherein the 
second control signal is coupled to the period control Word 
generator for adjusting the value of the period control Word. 

11. The frequency synthesizer of claim 1, further compris 
ing: 

a ?rst auxiliary output terminal for generating a ?rst aux 
iliary clock corresponding to a null period control Word; 

a second auxiliary output terminal for generating a second 
auxiliary clock corresponding to a half period control 
Word; 

a ?rst rising edge detector for detecting rising edges of the 
?rst auxiliary clock and generating a ?rst trigger signal; 

a second rising edge detector for detecting rising edges of 
the second auxiliary clock and generating a second trig 
ger signal; and 

a toggle circuit for receiving the ?rst and second trigger 
signals and generating a fourth clock having a duty cycle 
of about 50%; 

Wherein the fourth clock has a logic value of “1” When the 
toggle circuit receives a pulse of the ?rst trigger signal 
and has a logic value of “0” When the toggle circuit 
receives a pulse of the second trigger signal. 

12. The frequency synthesizer of claim 1, further compris 
mg: 

a ?rst auxiliary output terminal for generating a ?rst aux 
iliary clock corresponding to a null period control Word; 

a second auxiliary output terminal for generating a second 
auxiliary clock corresponding to a half period control 
Word; and 

a toggle circuit for receiving the ?rst auxiliary clock and 
the second auxiliary clock, and generating a fourth clock 
having a duty cycle of about 50%; 

Wherein the fourth clock has a logic value of “1” When the 
toggle circuit detects the rising edge of the ?rst auxiliary 
clock and has a logic value of “0” When the toggle circuit 
detects the rising edge of the second auxiliary clock. 

13. A method for compensating for a temperature variation 
in a frequency synthesizer, the method comprising: 

a delta-sigma modulator of the frequency synthesizer 
receiving a period control Word and generating a phase 
selection signal; 

a digital delay line of a delay line unit receiving a second 
clock and generating an output clock according to the 
phase selection signal; 

a delay unit of the delay line unit receiving the second clock 
and generating a delayed second clock; 

a dummy delay line of the delay line unit receiving the 
delayed second clock and generating a third clock; 

a phase detection unit of the delay line unit receiving the 
output clock and the third clock, and generating a second 
control signal according to a phase relationship betWeen 
the output clock and the third clock; 
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determining a base number of a carry-in operation based on 
the second control signal, the carry-in operation being 
performed by the delta-sigma modulator; 

an adder of the delta-sigma modulator generating a differ 
ence signal by adding the period control Word With a ?rst 
control signal; 

a value setting device of the delta-sigma modulator gener 
ating the ?rst control signal; 

the delta-sigma modulator generating a carry signal 
according to the difference signal; and 

the value setting device receiving the carry signal and the 
second control signal, and providing the ?rst control 
signal to the adder for performing the carry-in operation. 

14. The frequency synthesizer of claim 1, Wherein the base 
number is adjusted according to the second control signal. 

15. The method of claim 13, further comprising a period 
control Word generator generating the period control Word 
according to the second control signal. 

16. The method of claim 15, Wherein the period control 
Word generator generating the period control Word according 
to the second control signal comprises coupling the second 
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control signal to the period control Word generator for adjust 
ing the value of the period control Word. 

17. The method of claim 13, further comprising a divider 
dividing a ?rst clock into the second clock, the second clock 
being inputted into the delay line unit. 

18. The method of claim 17, further comprising a period 
control Word generator generating the period control Word, 
Wherein the second control signal is transmitted to the period 
control Word generator. 

19. The method of claim 17, Wherein the delta-sigma 
modulator generating the carry signal according to the differ 
ence signal further comprises: 

an accumulator receiving the difference signal from the 
adder, and generating the phase selection signal and the 
carry signal. 

20. The method of claim 17, Wherein the divider dividing 
the ?rst clock into the second clock comprises the divider 
dividing the ?rst clock by either P or P+1 according to the 
carry signal. 


